Abstract. A study was conducted to determine plant community characteristics that could be used to predict minesoil conditions on 15 AML sites mined for Pittsburgh, Freeport, and Kittanning coal in northern West Virginia. On each site, three 1-m deep pits were dug and minesoil samples were extracted from the top horizons.
Abstract. A study was conducted to determine plant community characteristics that could be used to predict minesoil conditions on 15 AML sites mined for Pittsburgh, Freeport, and Kittanning coal in northern West Virginia. On each site, three 1-m deep pits were dug and minesoil samples were extracted from the top horizons.
The following characteristics were determined: particle size distribution; bulk density; porosity; water retention difference; Ph; exchangeable bases; s fractionation; electrical conductivity; effective CEC; and base saturation.
The plant community was analyzed at each site in three 10 m x 10 rn plots for tree canopy cover and importance values, and in four 1 m x 1 m plots for herbaceous cover in each of the 10 m x 10 m plots.
A principal component analysis (PCA) was utilized to synthesize the minesoil data of five Kittanning sites to detect relationships among plant species and edaphic variables.
The PCA established a graph of minesoil gradients which were related to vegetation by plotting the canopy cover of red maple (Acer rubrum L.), black birch (Beeula lenea L.), and total canopy on the ordinations.
Canopy cover of red maple, black birch, and total cover increased with increasing acidity.
In general, revegetation of acidic AML sites could be facilitated by enhancing germination of red maple and black birch seeds since these two species were predominant and seemed to grow best on acidic Kittanning minesoils.
A cluster analysis was performed on soil variables and on vegetation variables (importance values) to detect complex patterns of similarity between all 15 sites based on minesoil and vegetation conditions. Three minesoil types ("A", "B
11
,
and "C") were determined in the soil cluster analysis. Three vegetation communities ( 11 X 11 , 11 Y", and "Z") were determined in the vegetation cluster analysis.
The "X" plant communities occurred 85% of the time on minesoil type "A";
11 Y" plant communities occurred 65% of the time on minesoil type "B"; and "Z 11 plant communities occurred 46% of the time on minesoil type 11 C 11 • In this study, three components of a plant community (herbaceous, red maple, and black birch) were necessary to predict probable minesoil conditions.
These indicator communities could be used by mining operators and reclamation planners to help screen sites for remining and/or reclamation, and to select soil analyses which may help ascertain specific mining and reclamation techniques that should be used on the site. ADDITIONAL KEY WORDS: minesoil gradients, geobotany, remining, reclamation, natural reclamation.
Introduction
Approximately 34,000 ha of mined land in West Virginia have been designated as Abandoned Mine Land (AML) (Soil Conservation Service, 1979) . AMLs are past mining disturbances which were left in an inadequate reclamation status before the passage of the Surface Mining Control and Reclamation Act (SMCRA) on August 3, 1977; and where no company, individual, or agency has any reclamation responsibility under state or federal laws. Title IV in SMCRA created the Abandoned Mine Land Reclamation Fund (AMLRF) to restore AMLs and to improve their water quality. The fund is generated by taxing each ton of coal mined and is projected to generate $3 billion during its 15-year tenure. The U.S. Congress (1977) realized that this fund would be inadequate to reclaim all AMLs and consequently established the following priority system for ranking AML sites for AML reclamation:
1.
Protection of public health and property from extremely dangerous AMLs; 2.
Protection of public health from adverse AMLs; 3.
Restoration of the environment on AMLs;
In 1990, Congress reauthorized the coal production tax to generate AML funds from 1992 to 1996.
In West Virginia, the focus of AML reclamation has been directed toward priorities 1 and 2. This emphasis is unlikely to change, for the reclamation cost of identified priority 1 and 2 sites has been estimated to be $2.3 billion requiring an estimated 100 years of work (West Virginia Mining and Reclamation Association, 1989 
Herbaceous cover was
determined in four randomly located 1 x 1 m plots within each 10 x 10 m plot. Herbaceous cover was estimated using a modified Daubenmire cover class technique (Skousen et al., 1989) .
Three soil pits were dug to a depth of 1 m next to the first three 10 x 10 m plots. Soil samples were collected from the top horizons.
The following characteristics were determined: particle size distribution; bulk density of fine earth; porosity; water retention difference (WRD); Ph; exchangeable bases (Ca, Mg, Na, K, and Total); S fractionation of totals into pyritic s, sulfates, and organic S; electrical conductivity; and exchangeable acidity. Effective CEC and base saturation (BS) were calculated. The sulfur forms were relativized by dividing each form by total Son a per pit per horizon 291 basis. Analytical methods may be found in Johnson (1992) .
Statistics
A principal component analysis (PCA) was utilized to synthesize the minesoil data on five Kittanning sites to detect relationships among plant species and edaphic variables (Russel and La Roi. 1985) . The PCA established a graph of minesoil gradients which were related to vegetation by plotting the canopy cover of red maple (Acer rubrum L.), black birch (Betula lenta L.), and total canopy on the ordinations.
A cluster analysis using Ward's minimum variance method (Ward, 1963) was performed on soil Detailed descriptions of both the PCA and clustering methods can be found in Johnson (1992) , which also further examined rninesoil development and plant succession on AMLs.
Results and Discussion

Principal Component Analysis
The Kittanning PCA plot (Figure la) revealed a minesoil gradient of increasing acidity and a gradient of increasing <2 mm. In addition there were two "<2 nun 11 gradient systems operating. The larger system occurred on highly acidic sites having a gradient of increasing <2 mm along with WRD and pyritic s. The smaller system occurred on less acidic sites having only a gradient of increasing <2 mm.
The "increasing <2 mm and pyritic S" gradient on highly acidic Kittanning sites suggests that pyrite oxidation was more rapid in rocky minesoils than <2 mm dominated 40 · '.'ilJ %: F on. 100 'i,; ,.
.,.
,· '. Red maple canopy cover ( Figure  lb) increased with increasing acidity. These sites generally had high acidity, low Ph, and low CEC. Black birch canopy cover followed a minesoil gradient of increasing acidity and decreasing <2 mm, WRD, and pyritic S (Figure 4c) . These sites had similar levels of acidity, Ph, and CEC in minesoils as those sites in red maple. This distribution was very well supported by correlations (Table 1) (Ashby et al., 1988) , red maple had no relationship with acidity, but only with Ph. These authors found that red maple growth decreased as Ph increased above 4.5 with a regression of -a.so between diameter at breast height (dbh) and Ph. However, black birch had a weaker regression with dbh and Ph (r 2 =-0.17). Davidson (1977 and 1979) found that black birch had its best (1980) and were essentially brush piles. Keeney (1980) 
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G P P P P P I \ 2 .2 3 applied to the first three principal components of the soil physical and chemical variables from all AML pit sites. The pit sites were identified by the first letter indicating minesoil seam (i.e. P for Pittsburgh), the next two or three letters indicating site name (i.e. FR), and the number indicating pit number (i.e. 1). Three main minesoil types (A, B, and C) were recognized {at level of dashed line). and "C" may have developed along different patterns due to differences in soil properties.
Minesoil type "B" had less sand, more silt and clay, and a higher percent total S th'an minesoil Type "C".
Consequently, Type 11 B 11 's high percent clay provided a high CEC (buffering capacity) which could retain acidic cations generated from pyrite oxidation. Minesoil Type "A"
had the highest percent total S, but had low acidity due to higher NP levels than the other minesoil types.
Vegetation Cluster. The cluster dendrogram of tree species and total
herbaceous importance values on all 15 sites (Figure 3 ) produced three clusters, which were named plant community types "X", "Y
,
and "Z".
Plant community type "X" (Table 3) always had an herbaceous plant component, and either sycamore, black cherry, elm, or no trees.
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Plant community type 11 Y 11 had a variable herbaceous component, and always red maple with various other tree species (except black birch unless aspen was also present). Plant community type "Z" had no to low herbaceous plants, and always black birch with various tree species (low to moderately low red maple IV and no aspen). These three plant community types ( 11 X 11 f 11 Y 11 f and "Z") were then subdivided into more discrete plant community types, which are summarized in Table 3 .
The three main plant communities did not cluster into a temporal sequence as occurred with Wisconsin minesite plant communities (Kimmerer, 1984) . This lack of a temporal sequence dismissed the anticipated overall successional gradient.
However, "X" plant communities developed 85% of the time on minesoil type 11 A". The 11 y 11 plant communities developed 65% of the time on the minesoil type "B". Table 3 . Cluster summary of tree species and total herbaceous importance values (IV). (290) Barren (0-10) to high (290) Barren ( A plant community with an herbaceous component and either sycamore, black cherry, elm, or no trees indicated (85%) a minesoil with low levels of acidity, high BS, strongly acid to neutral, and high levels of CEC and totals. A plant conununity having a variable (no or high) herbaceous component and red maple with various other tree species (black birch was present only with aspen) indicated (65%) a harsh and variable minesoil with high levels of acidity, very low to moderate levels of BS, extremely acid to strongly acid, moderate CEC and totals, and low levels of relative pyritic S. Lastly, a plant community having a low herbaceous component and black birch with various tree species (low to moderately red maple IV and no aspen) indicated (46%) a moderately harsh minesoil with low to moderate levels of acidity, low BS, extremely acid to strongly acid, low levels of CEC, low fine earth, clay, and total s. This information can be used by mining operators and reclamation planners to help screen sites for remining and/or reclamation, and to select soil analyses which may help ascertain specific mining and reclamation techniques that should be used on the site. For example, an understanding of minesoil properties before remining or redisturbance may provide clues as to the present minesoil suitability for replacement on the surface. This knowledge could greatly influence the expense of reclamation because "topsoil 11 may not have to be "borrowed" from another site and imported. During overburden coring to determine the depth and quality of material to be moved or exposed, 301 acid-base accounts may be used, as they were in this study, to estimate future weathering and acid or base potentials. Lastly, plant species most likely to grow on acidic Kittanning sites have been identified, and the plants can be matched to small variations in minesoil properties on these sites.
Many of the AML sites we studied may not require total reclamation by SMCRA standards. SMCRA requires identification and selective placement of toxic materials, grading to approximate original contour (AOC), topsoiling, and the addition of amendments (lime, fertilizer and mulch) to prepare the site for seeding. Revegetation often involves seeding grasses and legumes to produce a vigorous herbaceous plant cover to control erosion. Trees may be planted but they often have difficulty surviving in the competitive herbaceous community.
On the sites we studied, none were completely barren. Some had large areas of barren areas but they were broken apart by vegetation islands. Several sites had areas of complete tree canopy cover, complete herbaceous cover, or a combination of trees and herbaceous cover. With this type of plant community development, it seems careless to disturb the site again to simply reclaim it. Augmenting the already established plant community and using the minesoils already in place seems a prudent way of using AML funds. A simple application of lime (10 to 20 Mg/ha) may reduce the acidity of the minesoil, raise the exchangeable cations, and elevate Ph to release the barren minesoils from toxicity problems. The establishment of brush piles in barren areas may initiate the return of plant species to these areas. Hedin and Hedin (1990) described a "bottleneck", defined as the most limiting factor to plant colonization of acid AML sites in Pennsylvania. Seedlings of certain species may not survive due to one limiting factor while mature plants of the same species do rather well on the same sites. They explained that small amounts of amendments (they used mulch, lime, and phosphorous) removed the
